Using Gaia DR2, we trace the Anticenter Stream (ACS) in various stellar populations across the sky and find that it is kinematically and spatially decoupled from the Monoceros Ring. Using stars from lamost and segue, we show that the ACS is systematically more metal-poor than Monoceros by 0.1 dex with indications of a narrower metallicity spread. Furthermore, the ACS is predominantly populated of old stars (∼ 10 Gyr), whereas Monoceros has a pronounced tail of younger stars (6 − 10 Gyr) as revealed by their cumulative age distributions. Put togehter, all of this evidence support predictions from simulations of the interaction of the Sagittarius dwarf with the Milky Way, which argue that the Anticenter Stream (ACS) is the remains of a tidal tail of the Galaxy excited during Sgr's first pericentric passage after it crossed the virial radius, whereas Monoceros consists of the composite stellar populations excited during the more extended phases of the interaction. We suggest that the ACS can be used to constrain the Galactic potential, particularly its flattening, setting strong limits on the existence of a dark disc. Importantly, the ACS can be viewed as a stand-alone fossil of the chemical enrichment history of the Galactic disc.
INTRODUCTION
Signs of vertical disc perturbations to the disc have been known from the distribution of the neutral hydrogen gas since the 1950s (Burke 1957) . In recent years, interest in disc quakes -particularly in the stellar component -has been reinvigorated with the discovery of spatial and kinematic North/South asymmetries around the solar neighbourhood (Widrow et al. 2012; Williams et al. 2013; Carlin et al. 2013; Carrillo et al. 2018; Schönrich & Dehnen 2018) . As revealed by star count studies, these asymmetries take their most dramatic form in the outer edge of the Galaxy where the self-gravity of the disc is at its weakest. Amongst the various E-mail:cfpl@uvic.ca † CITA National Fellow tributaries of the Galactic Anticenter, we count the Monoceros Ring (Newberg et al. 2002; Slater et al. 2014 ) and its substructured content, namely the Anticenter Stream (ACS) and Eastern Banded Structure (Grillmair 2006 ) that most visibly stand out in main-sequence (MS) and main-sequence turn-off (MSTO) star counts. Although initially thought to be part of the remains of a torn-apart accreted dwarf galaxy (Peñarrubia et al. 2005) , recent theoretical (Gómez et al. 2016; Laporte et al. , 2019a and observational studies favour an excited disc origin for these structures as supported by the kinematics (de Boer et al. 2018; Deason et al. 2018 ) and stellar populations (e.g. see Price-Whelan et al. 2015; Sheffield et al. 2018 ) with manifestly disc-like properties. tidal tail ("feather") excited by the Sgr dwarf galaxy shortly after virial radius crossing. A falsifiable predictions of this scenario is that the stellar populations of Monoceros and the ACS should show differences in metallicity and age distributions. In particular, because the ACS got excited through resonant processes with the reaction of the Milky Way's dark matter halo with Sgr, it must have decoupled itself from the rest of the disc and should hold predominantly old stars and very few young ones. With the current synergy between legacy spectroscopic surveys (segue, lamost, apogee) and the second data release from Gaia, it is now possible to dissect the Anticenter to much greater detail and test the tidal tail remnant hypothesis with chemistry and dynamics. This is the aim of the following contribution. In Section 2, we discuss our target selection and masks in the Monoceros Complex and cross-matches to the aforementioned spectroscopic surveys. In Section 3, we dissect the Monoceros Ring and ACS in metallicity, age and abundance. We discuss our main findings and conclude in Sections 4 and 5. 
TARGET SELECTION
For our study, we make use of the GDR2 proper motions and parallaxes to identify the likely ACS and Monoceros members. We correct magnitudes and colours for extinction by using the Schlegel et al. (1998) dustmap and assuming AX = A0kX , where X designates the passband and kX the first extinction coefficient of the relation used by Danielski et al. (2018) adapated to the Gaia passabands assuming that A0 = 3.1E(B − V ) (Gaia Collaboration et al. 2018) . To guide our initial spatial search, we begin by selecting the main-sequence/main-sequence turn-off (MS/MSTO) by requiring 0.5 < BP − RP < 0.8 and 18 < G0 < 20 and < 0.1. We then convert the coordinates to a new system approximately aligned with the Anticenter by rotating the celestial equator to the great circle with a pole at (l,b) = (325.00, 67.4722). The ACS and Monoceros stars are drawn from the spatial masks shown in Galactic coordinates in the top left panel of Figure 1 . Moreover, in the top right panel of the Figure, using the Red Clump (RC) stars (selected with the cuts 15.5 < G0 < 15.9, 1.0 < BP − RP < 1.1 and < 0.1), we demonstrate that the Monoceros Ring and the Anticenter stream not only have distinct spatial distributions but also differ kinematically. This is evidenced by the bifurcating pattern in (µ l , µ b ) space for which we also present median proper motion tracks in magenta (blue) for the ACS (Monoceros) respectively. This two-horned structure confirms some of the earlier suggestions of de Boer et al. (2018) based on the Gaia DR1-SDSS astrometric analysis.
We proceed by using Gaia DR2 to identify high-fidelity candidate stars belonging to the ACS and the Monoceros 
CHEMICAL AND AGE DECOMPOSITION OF MONOCEROS AND THE ACS

Metallicity distributions
The lamost DR4 survey (Luo et al. 2015) provides a good coverage of the Anticenter region, with a large number of spectra measured across both structures without a strong metallicity bias (see e.g. Yanny et al. 2009 ). segue fares similarly well and has also the advantage of reaching down to the main-sequence and the turn-off at larger distances. This is particularly advantageous to analyse differences in age distributions between Monoceros and the ACS for which the MSTO is sensitive to. Note however that segue includes a sub-dominant target category (F sub-dwarfs) biased against metal-richer stars. Furthermore, in order to avoid any source of confusion we only analyse stars in the range 115 < l < 175 as these regions separate most clearly between the ACS and Monoceros fields both spatially and kinematically (see Figure 1 ). We select spectra with signal-to-noise ratios of SNR 10 for lamost a SNR 20 for segue. Figure 3 shows metallicity distributions for the likely Monoceros and the ACS members from our cross-matches with lamost and segue. Although the numbers differ from one survey to another, both spectroscopic samples reveal similar systematic trends. The median metallicity of the ACS is consistently lower than that of Monoceros by some ∆[F e/H] ∼ 0.1 dex.
Age distributions
To study the star-formation histories of the two structures, we cross-match the candidate stars identified above with the catalog of stellar ages computed by Sanders & Das (2018) . Figure 4 shows the cumulative age distributions for the ACS and Monoceros regions 1 . The difference between the two structures are remarkable, with the ACS being predominantly composed of older stars τACS > 10 Gyr whereas Monoceros possessing a more steady, gradual star-formation history. We checked that there was no correlation between age and metallicity in our subset of Sanders & Das (2018) cross-matched stars and that the distances are consistent with the structures (d ∼ 10 kpc). In the encounter scenario (see Laporte et al. 2019a ), the ACS is a group of stars located in a tidal tail of the Galactic disc which gets decoupled from the rest of the disc and propelled to larger heights from midplane after first pericentric passage of a massive satellite (e.g. Sgr), whereas Monoceros consists of stellar populations in the flared and corrugated outer disc which was gradually built up through a succession of encounters, allowing it to replenish itself with younger stars as the star formation proceeded. Figure 5 presents a spatial median age map of the Anticenter region. We find that the ACS is systematically older than the Monoceros Ring which hosts plenty of intermediate age stars (5-9 Gyr). Note a sharp age boundary between the two structures matching the location of the density transition (c.f. Figure 1 ).
apogee chemical abundances for the ACS and Monoceros
Despite its pencil-beam nature, the apogee survey (Majewski et al. 2017) covers parts of both the ACS and the Monoceros Ring. This allows us to acquire alpha-element abundances for our candidate stars through cross-matching catalogs. This gives us a few candidate stars which fall within the RGB/RC as shown in Figure 2 . In Figure 6 , we show the locations of our apogee cross-matched stars in the the space of ( but truly extensions of the outer disc. This is not surprising as other/similar structures of the Anticenter have also recently been confirmed to be chemical thin-disc material through abundance measurements (e.g. see Bergemann et al. 2018 ) and stellar populations content (Price-Whelan et al. 2015; Sheffield et al. 2018 ).
DISCUSSION
By using a combination of astrometric, photometric and spectroscopic information, we were able to dissect the Monoceros Ring and the ACS in the space of kinematics, metallicities, α-abundances and ages. This allowed us to explore and confirm a falsifiable prediction for their respective for- mation mechanisms as presented in (Laporte et al. 2019a) , namely that the ACS is the remnant tidal tail of the MW disc which formed through a resonant interaction with the Sgr dwarf galaxy. The ACS was kicked up shortly after the dwarf's crossing of the Galaxy's virial radius during one of the first pericentric passages. The ACS excitation resulted in a strong decoupling from the Galactic midplane, leading to a sudden shutdown of star formation as compared to the rest of the disc. This yielded the observed striking difference in the cumulative age distributions between the Monoceros and the ACS. We note that several structures in the outer disc have also been identified. These include the EBS (Grillmair 2006) and the more distant TriAnd clouds (Rocha-Pinto et al. 2004) . A similar analysis could in principle be pursued, in particular for the TriAnd, which lies at a larger distance. This is particularly interesting as these structures may represent a fossil record of the formation history of the outer disc. Via modelling of such structures one can hope to time the impact events, putting strong constraints on the orbital mass-loss history of the Sgr dwarf galaxy. Our analysis argues that it may be possible to use chemistry and age dating important events in the lifetime of the Galactic disc. The decoupled nature of the structures analysised here -the ACS and the Monoceros -is of particular interest for chemodynamical models of the Galaxy (e.g. Chiappini et al. 1997; Schönrich & Binney 2009) .
Given the disc nature of the ACS, and the relatively simple dynamics of "feathers" (Laporte et al. 2019a) , this structure may also be used for constraining the flattening of the Galactic potential at large radii, thus setting strong limits on alternative dark matter models or the existence of a dark disc Read et al. (2008) , however this is beyond the scope of this contribution and will be presented elsewhere.
In this work, we took full advantage of the synergy between Gaia DR2, segue, lamost and apogee to show that: (i) The ACS and Monoceros Ring are spatially and kinematically separate structures.
(ii) The ACS is on average more metal-poor than the Monoceros Ring, by 0.1 dex, with hints of a smaller spread in metallicity (though this could perhaps be accounted by distance spreads too).
(iii) The ACS and Monoceros Ring are both part of the chemically thin-disc due to their low magnesium abundances, with 0.0 < [M g/F e] < 0.15.
(iv) The ACS has predominantly old stellar populations with 80% of the having an age > 10 Gyr. This taken with its physical and kinematic decoupling from the rest of the disc, supports the hypothesis that this group of stars is a "feather", i.e. the remnant of a tidal tail excited by a satellite encounter such as that with the Sgr dwarf described in Laporte et al. (2019a) . In this model, the ACS is extracted from the disc during the dwarf's first passage after virial radius crossing, and no longer forms stars.
(v) The Monoceros Ring shows a steady cumulative age distribution suggesting that it belongs to main body of the disc which has been gradually flared and corrugated as a result of the multiple passages of Sgr and populated by stars of different ages as star formation continued.
As an outlook into the future, surveys such as weave, sdss v, 4most and psf will pave the road to a full coverage of the Anticenter. These surveys will not only provide radial velocities for a full characterisation of the the phase-plane spiral in the outer disc as predicted by numerical models of the interaction of Sgr with the Milky Way (Laporte et al. , 2019b but will also allow for a more detailed chemical dissection of the Anticenter. In particular, the latter will provide a window into the fossil record of the Galactic disc's formation.
